Introduction
Carotenoids are pigments synthesized by plants and also found in seafood and some living organisms, such as salmon, birds, and mammals, which obtain them in their diets (Mlcek & Rop, 2011) . High concentrations are found in fruits and vegetables widely produced and marketed in Brazil, as well as in their derived processed products (Rodriguez-Amaya, 2010).
The β-carotene, β-cryptoxanthin, and α-carotene have recognized pro-vitamin A activity (National Academy of Sciences, 2000) . It is well known that the deficiency of vitamin A persists in Brazil, and it is probably the major cause of blindness in children in developing countries. However, carotenoids also have antioxidant properties. Carotenoids act primarily as scavengers of singlet oxygen. This process can occur physically, through the capture of excitation energy of this reactive oxygen species and subsequent dissipation of energy excess as heat; or chemically, through a reaction between carotenoid and singlet oxygen, which is inactivated in an irreversible way (Palozza & Krinsky, 1992; Niki, 2010) .
The most widely studied carotenoids related to health effects are β-carotene, lycopene, lutein, zeaxanthin, β-cryptoxanthin, and α-carotene. β-carotene is associated with reduction of cardiovascular disease risk (Osganian et al., 2003; Gale et al., 2001) , while α-carotene is recognized as an anticarcinogenic agent (Nishino et al., 2000 (Nishino et al., , 2002 . Lycopene is the carotenoid with greater biological efficiency to scavenge singlet oxygen (Di Mascio et al., 1989) and may have protective effect against some types of cancer (Stahl & Sies, 1996; StacewiczSapuntzakis & Bowen, 2005; Giovannucci, 2011) . Lutein and zeaxanthin are the yellow macular pigments and act as antioxidants (Brasil, 2008) and blue light filters of high energy (Krinsky et al., 2003) . β-cryptoxanthin has been associated with antimutagenic activities in in vitro studies (Lorenzo et al., 2009) , with immunomodulary activities in in vitro and in vivo studies (Nishi et al., 2012) , and with effects on osteosynthesis in in vitro and in vivo studies (Yamaguchi, 2012) . Health effects associated with the possible biological activities of carotenoids, however, are not fully recognized, since it is not possible to determine if the effects are caused by these phytochemicals or by other substances present in plants. Therefore, the North-American National Academy of Sciences (NAS) recommends obtaining carotenoids through a diet rich in various types of fruits, vegetables, and leafy vegetables (National Academy of Sciences, 2000) .
The main causes of the destruction of β-carotene, β-cryptoxanthin and α-carotene during the processing and food storage, and, consequently loss of the pro-vitamin activity, are enzymatic and non-enzymatic oxidations. Carotenoid destruction is intensified with longer cooking periods and/or higher temperature (Rodriguez-Amaya, 1999) . However, there is evidence that the use of heat treatments in foods can increase the bioavailability of carotenoids (Hwang et al., 2012) , and that products of the oxidative cleavage have higher antioxidant capacity (Gurak et al., 2014) .
The objective of this study was to estimate daily intake of carotenoids (expressed as average values) according to age group and to identify the main dietary sources according to the purpose and the degree of processing and the inclusion of food additives on formulations. The population beneficiary of the 'Bolsa Família' (BFP), which corresponds to 26% of the Brazilian Additional criteria were adopted as follows:
• Composition of the cooked food, when available, was adopted for grilled, roasted, stewed, fried, sautéed, broiled, breaded foods, and those prepared with white sauce, garlic and oil, such as barbecue, cornmeal, or soup;
• Composition of the raw food was adopted for foods prepared such as vinaigrette. When only the composition for the cooked food is known, this composition was used;
• Composition of carotenoids in food items identified as prepared with red sauce: 80% of value regarding the composition of the raw or cooked food item and 20% of value regarding the carotenoid composition in tomato sauce. The same criterion was adopted for "macaroni", "canned meatball in sauce", and "light ready-to-eat lasagna";
• Light, diet or organic foods: the same composition used in food items produced conventionally;
• Meals: estimated values based on the ingredients that contained carotenoids. For example: Greek-style rice (5% of tomato composition and 5% of green bell pepper composition) and pizza (10% of tomato composition, 5% of tomato sauce and 1% of oregano). The recipes were obtained from a table disclosed by IBGE (Instituto Brasileiro de Geografia e Estatística, 2011) and in the literature (Fisberg et al., 2002) .
Since there are no nutritional recommendations for carotenoids intake, the prudent individual daily intakes suggested by the NAS for total carotenoids (between 9-18 mg), pro-vitamin carotenoids (between 5.2-6 mg) and β-carotene (between 3-6 mg) were adopted for the analysis (National Academy of Sciences, 2000).
Food classification
To evaluate the sources of carotenoids in the diet, a food classification system was developed according to the purpose and the degree of processing. This system is similar to the one proposed by Monteiro et al. (2010) , but it uses the presence of food additives as an additional criterion. These substances may be considered indicators of the technology used in the food manufacturing process.
• Category 1: fresh foods or subjected to minimal processing in order to ease the conservation and consumption or prevent foodborne diseases. Food additives are unusual in these foods. The category comprises fruits, vegetables, cereals, rice, vegetables, bulbs, roots, rhizomes, tubers, stalks, beans, other legumes, mushrooms, nuts, herbs, honey, meat, fish, eggs, herbal teas, infusions, coffee, and milk.
• Category 2: processed foods derived from food raw material and/or fresh food obtained by technological population (Camargo et al., 2013) , was prioritized in the analysis because they are more exposed to food and nutritional insecurity and inadequate health services.
Method

Database
The data on individual dietary intake were obtained from the food consumption module of the Household Budget Survey (HBS) from [2008] [2009] , conducted by the Brazilian Institute of Geography and Statistics (IBGE).
A conglomerate sampling of two-stage cluster stratification (geographical and socioeconomic) of the census sectors from the Demographic Census of 2000 was used.
Census sectors were selected by probability proportional to the number of households that they contain. The households were defined randomly without replacement in each sector. In order to capture seasonal variations of food consumption, the strata were distributed along the 52 weeks of the year (Instituto Brasileiro de Geografia e Estatística, 2011). The data were collected in 13,569 households of all Brazilian states, and the number of subjects with 10 years of age or older was 34,003, which corresponded to a population of 160,511,094 people, given the expansion factors of the sample (Instituto Brasileiro de Geografia e Estatística, 2011).
Trained IBGE interviewers applied a pre-structured questionnaire with 1,500 foods and beverages, 106 measurement units, and 15 preparation methods (raw, grilled/broiled/ barbecued, fried, braised, in white or red sauce, with butter/ oil, stewed, in soup, baked, roasted, breaded/fried, with garlic and oil, vinaigrette and curd) (Instituto Brasileiro de Geografia e Estatística, 2011).
The individuals completed two non-consecutive food diaries on pre-determined days spanning one week, which considered food and beverage ingested inside or outside home. However, only data from the first day, which tend to be more reliable, were analyzed (Instituto Brasileiro de Geografia e Estatística, 2011). A detailed description of the HBS method including the validation of the food diary model used can be found in the following publications: Sichieri et al. (2008) and IBGE (Instituto Brasileiro de Geografia e Estatística, 2011).
The subjects were classified into three groups: 1) children and adolescents (10-18 years of age); 2) adults (with 19-59 years of age); and 3) elderly (60 years of age or older).
Carotenoids intake
A database, created with Microsoft Excel® (version 2007), was constructed to estimate the intake of carotenoids by Brazilian population.
The food items (1,971 records) from the food consumption module of the 2008-2009 HBS were, firstly, grouped according to their similarities (for example: when the same food has two or more different regional names, which is common in a vast country such as Brazil). The carotenoid content in foods was obtained, with priority, from a National publication, the Brazilian amount of soybean oil added (Category 2 ingredient) was considered low (less than 1% of the product final composition);
• Category 1 food items subjected to methods of preparation to which IBGE have estimated the inclusion of Category 2 foods (soybean oil, butter and flour) that are higher than 1% in the product final composition were transferred to Category 2, namely stews and sautéed and fried food items served with red and white sauce, garlic and oil, butter, oil, battered, or breaded;
• Meals were classified according to their recipes, which were obtained from the food composition database published by IBGE (Instituto Brasileiro de Geografia e Estatística, 2011) or from a specific National Data source (Fisberg et al., 2002) .
Statistical analysis
For the statistical analyses, the Statistical Analysis System -SAS®, version 9.3 was used. Weighted averages and standard deviations were calculated for the group of beneficiaries (22.4% of observations) and the groups of nonbeneficiaries of the 'Bolsa Família' Program.
Results and discussion
The content (average values) of carotenoids (4,315.6; sd = 73.6 µg) in the diet of the Brazilian population is not within the recommended intake levels. It is important to reinforce that the reference values adopted are not classified as nutritional recommendations. If they were, it would be indicated to evaluate the prevalence of inadequate intake considering that the larger the proportion (%) identified, the higher the population deprivation. The results (Table 1) show that the beneficiaries of the 'Bolsa Família' Program consume systematically lower amounts of carotenoids than those of non-beneficiaries.
The consumption of total carotenoids is consistent with analyses that integrate National studies. Amancio & Silva (2012) , also based on data from the HBS food consumption module (HBS, 2008 (HBS, -2009 , estimated the daily intake per capita of 4,117.0 µg. However, it is not clear if these authors prioritized the Brazilian database for carotenoid composition in foods (Rodriguez-Amaya et al., 2008) . Gaino & Silva (2012) used household acquisition data from HBS of [2008] [2009] and estimated that the diet provided an processes, which may contain the majority of food additives, except for coloring and flavoring agents. This category comprises pasta, flour, cereal, vegetable oils, canned and processed foods of plant origin, fats of animal origin (butter, milk cream, and cream), sweets, sugars and sweeteners, processed meats (e.g., blanquet turkey breast), baked products, juices and vitamins, dairy products, meals, and processed fish.
• Category 3: highly processed foods obtained by extensive processes that, in general, mischaracterize the properties of their ingredients. In addition to having coloring and flavoring agents in their formulation, these foods may also even contain other food additives. These functional classes -colors and flavors -act exclusively on the sensory characteristics (World Health Organization, Food and Agriculture Organization of the United Nations, 2013) and may emphasize flavors, odors, and aromas naturally found or confer new ones, which may have not been related to the chemical composition or the ingredient listed. Due to these characteristics, the presence of flavoring and coloring agents in their formulation, these foods were characterized as highly processed. This category includes "fantasy or artificial foods", that is, foods processed to imitate natural foods although they predominantly contain substances that are not found in the food they imitate (Brasil, 1969) . This category comprises cookies, crackers, carbonated beverages, processed meats (for example: burgers and nuggets), sweets, chocolates, candies, chewing gum, industrialized non-carbonated beverages or powder beverages, instant noodles with sauce, dehydrated soups, dairy products, sandwiches, pizzas, and plant-origin products containing coloring and/or flavoring agents.
The identification of the occurrence and the functional classes of food additives found in the food products investigated was possible by getting information from the nutrition facts label provided in the food package by their manufacturers. This step was conducted between December 7, 2012 and February 25, 2013 in two grocery store chains in the cities of Piracicaba and São Paulo, both in São Paulo State, Brazil.
Additional criteria were included in the classification system:
• Category 1 Fresh food items served with vinaigrette or broiled food items were kept in this category because the (2000); NA = non-applicable; rounded numeric data.
daily carotenoid intake of 4.178 µg (Khan et al., 2008) . The intake of carotenoids was directly correlated with the family income.
Studies carried out with groups of adults of the United States and Europe, based on food consumption data and the use of national database of carotenoid composition in food, reported contents ranging between 9.500-16.100 µg, considering the same group of substances included in the present research (O'Neill et al., 2000; Murphy et al., 2012) .
Analyzing the relative participation of each carotenoid in the diet in different countries, based on O'Neill et al. (2000) and Murphy et al. (2012) data, it is possible to observe that the Brazilians ingest, in general, similar amounts to those identified for the French, British, Irish, and Dutch populations. On the other hand, the U.S. lycopene intake is significant, 57.2% of the total, but only 27.3% of carotenoids are pro-vitamin A. In Brazil, lycopene corresponds to 33.4%, and the pro-vitamin A carotenoids account for 40% of the total intake. It is important to mention that Morato & Silva (2008) used data on carotenoid composition in foods from the USA, and Amancio & Silva (2012) and Gaino & Silva (2012) adopted databases from the USA and Brazil, but they did not specify which one was prioritized. It is well known that factors such as soil, climate, and agriculture practices can affect the content of bioactive compounds in foods and, consequently, the use of international data may be a bias in food consumption analyses.
The reduced intake of carotenoids was also identified in a research conducted in Vietnam with 1,001 households located in the Red River delta (771 in rural areas). The use of a 24-hour recordatory method and national composition database of bioactive compounds in foods allowed obtaining an average Considering the broad data collection available, the authors of this article prioritized descriptive statistical analysis. Thus, comparisons between the values observed among beneficiaries and non-beneficiaries or those related to the contribution of the food categories in the total intake of carotenoids are only highlighted when the difference is noticeable. It is important to mention that the analysis of the effect of the Program on food consumption was not an aim.
The intake of carotenoids by adults in Brazil (Table 3) is lower than that observed for populations within this age group and residents in developed countries. O'Neill et al. (2000) investigated the consumption of these bioactive compounds by adults between 25-45 years of age from municipalities of five European countries. The average intake obtained was 9,540 µg As for children and adolescents, the data in Table 2 show that beneficiary boys in the BFP ingested larger amounts (except for lycopene) of these bioactive compounds than those of the beneficiary girls, who, on the other hand, ingested larger amounts of lycopene and smaller amounts of the other carotenoids.
The consumption of carotenoids by BFP beneficiary children and adolescents (3,592.7; sd = 309 µg and 3,390.3; sd = 287.2 µg, for boys and girls, respectively) was lower than the amounts estimated by Slater et al. (2010) in a sample of 80 students (72% girls) with 13 years of age (sd = 1) from a municipal school of Piracicaba city (São Paulo state, Brazil). The authors adopted a food frequency questionnaire and a North-American software (Nutrition Data System; School of Public Health, University of Minnesota, Minnesota, USA), and obtained a daily average intake of 4,150.6 µg of carotenoids (β-carotene, α-carotene, β-cryptoxanthin, lycopene, and lutein).
BFP beneficiary boys ingested more β-carotene and lutein + zeaxanthin from foods classified in Category 1 and The data in Table 4 show that the elderly beneficiaries of the BFP ingested smaller amounts of carotenoids, compared to those of the non-beneficiaries of the Program. The content of pro-vitamin A carotenoids, however, was similar for both beneficiary and non-beneficiary women (2,260.9; sd = 501.6 µg for beneficiaries and 2,259.9; sd = 106.5 µg non-beneficiaries).
Category 1 foods were also the main sources of pro-vitamin A carotenoids for the elderly beneficiaries of the BFP. Minimally processed and fresh foods were the main sources of α-carotene for women in this group. Lutein + zeaxanthin were obtained mainly from Category 2 foods for men and women, as well as lycopene for men and β-cryptoxanthin and α-carotene for women beneficiaries of the BFP.
The elderly non-beneficiary of the BFP obtained carotenoids predominately from Category 1 foods, except for α-carotene which was obtained by men from Category 2 foods. in Spain; 13,710 µg in the Netherlands; 14,380 µg in the United Kingdom and Northern Ireland; 14,530 µg, in the Republic of Ireland; and 16,100 µg in France.
In the United States of America, based on data of adults registered in the National Health and Nutrition Examination Survey (NHANES) from 2003 to 2006 obtained by using two food records, Murphy et al. (2012) estimated an average daily intake per capita of 9,645 µg of carotenoids.
Comparing the carotenoid intake, according to the participation in the BFP, beneficiary adults ingested significantly lower amounts than those of the non-beneficiaries.
Minimally processed and fresh foods were the main sources of carotenoids with pro-vitamin A activity (including β-carotene), for men and women beneficiaries of the BFP, and lutein + zeaxanthin and β-cryptoxanthin, for women. Category 2 foods, on the other hand, were the main suppliers of α-carotene and lycopene, for both men and women, and β-cryptoxanthin, for men. (2000); 0.00 = zero numeric data resulting from rounding numerical data originally positive; NA = non applicable.
Conclusions
The estimated carotenoid intake by Brazilian subjects was not within the prudent individual daily intake levels.
With regard to the beneficiaries of the 'Bolsa Família' Program, minimally processed and fresh foods were (except for girls) the main sources of carotenoids pro-vitamin A.
Processed foods contributed significantly to the the lutein + zeaxanthin contents for the elderly and lycopene for adults participating in the conditional cash transfer program. The contribution of highly processed foods in the supply of carotenoids was considered low for the entire sample.
Government initiatives and actions toward the production, development, and consumption of carotenoid-rich foods can integrate a strategy to fight vitamin A deficiency. Along with the promotion of other healthy living habits (balanced nutrition and active lifestyle), the consumption of carotenoids can also contribute to attenuate the occurrence of chronic degenerative diseases associated with oxidative stress in Brazil.
